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PARALLEL OFF-HOOK DETECTION FOR BOTH
" LINE-AVAILABLE AND PHONE PICK-UP
DETECTION

TECHNICAL FIELD

The present invention relates to a device for detect-
ing the status of a telephone line so that communication
equipment sharing the line with a telephone will not
interfere with normal usage of the telephone via the
line.

BACKGROUND OF THE DISCLOSURE

Many automated devices, such as answering ma-
chines, facsimile machines, modems and the like, share a
standard telephone line with a subscriber’s telephone
set. Generally, priority should be given to use of the line
by the telephone set. Problems have arisen, however, in
detecting a subscriber’s attempts to access the line
through the telephone set. For purposes of discussion
we will consider a data reporting device as one such
automated system which shares a telephone line with a
subscriber’s telephone set.

An automated data reporting device transmits utility
meter data or similar data from a subscriber’s premises
to a central computer database and/or receives pro-
gramming and control data from the central computer.
Such devices eliminate the manual labor required to go
out to the subscriber’s premises and read or program the
meter.

Many such data reporting systems use the subscrib-
er’s telephone line and the public switched telephone
network to carry the data between the subscriber’s
premises and the central database. For example, the
data reporting device might include an autodialing
modem and periodically initiate a call in to the central
database to transfer the latest meter data. Some of these
systems can answer calls from the central database and
accept programming or control data. Data reporting
devices which use the subscriber line, however, share
the line with the subscriber’s telephone(s) and/or any
other customer premises equipment connected to the
line. |

In such telephone line systems, the subscriber’s tele-
phone or other equipment is the primary communica-
tion device connected to the line and must be given
priority over the secondary communication device, e.g.
the data reporting device. Operation of the data report-
ing device or other automated device connected to
share the line therefore must not interfere with the
subscriber’s use of the telephone set on the telephone
line. To prevent interference, two problems must be
addressed. First, the automated device must not attempt
to seize the line if the telephone is using the line at a time
when the automated device is ready to access the line,
e.g., to report data. Second, during use of the line by the
automated device, if the subscriber picks up the tele-
phone handset to use the telephone, the automated de-
vice must relinquish the line to the telephone.

Circuits have been proposed which detect an existing
off-hook condition, and devices have been proposed to
detect a pick-up of a telephone connected in parallel
with the data reporting device. Such circuits, however,
have tended to be rather complex, particularly if capa-
ble of both existing line use detection and pick-up detec-
tion. Due to such complexity, these circuits have been
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expensive to manufacture and subject to false detection

results.

Detection of a pick-up of a telephone connected in

parallel with the data reporting device or the like can be
particularly difficult because the resultant voltage drop
tends to be quite small. As a result, devices intended to
detect parallel pick-up often have been ineffective.
- A circuit has been proposed which would detect
parallel pick-up by sensing changes in AC loading on
the telephone line (U.S. Pat. No. 4,958,371 to Damoci et
al). The approach in that patent, however, requires
generation and application of a 300 Hz test signal to the
line.

Another problem with prior art systems arises be-
cause many such systems detect line voltage directly, as
an indication of the on-hook or off-hook state of the
associated customer premises equipment. Different
lines, however, exhibit different off-hook and on-hook
voltages. For example, a residential line will typically
have an on-hook voltage of 48 volts DC. The off-hook
voltage typically will be as low as 3 volts DC, but the
off-hook voltage may be as high as 26 volts DC. In
contrast, the on-hook voltage for a PBX line typically is
22-26 volts DC. In view of this voltage overlap be-
tween off-hook of residential lines and on-hook for PBX

hne, it is necessary to use a different voltage detector
for each different type of line.

DISCLOSURE OF THE INVENTION

The present invention provides efficient and effective
means for solving the above noted problems of sharing
the use of the subscriber’s telephone line between the
subscriber’s primary telephone equipment and some -
secondary communication device, without applying
any additional signals to the line.

The invention provides method and apparatus for
detecting whether or not the primary telephone equip-
ment 1s off-hook. This detection can be used to prevent
or mhibit the secondary device from seizing the line if
the primary communication device is off-hook.

The 1invention also detects parallel pick-up, e.g. of the
telephone handset, during a period when the secondary
device is already using the line. This detection can be
used to control the secondary device to terminate its use
of the line and thereby make the line available for use by
the primary telephone device.

As part of the line availability detection, an average
interval for charging a capacitor to a threshold in re-
sponse to an on-hook voltage appearing across the tele-
phone line is determined and periodically updated. Typ-
ically, the average is determined by periodically apply-
ing the line voltage to charge the capacitor. During
each periodic sampling, the time to charge the capacitor
1s measured and the time is recorded as a sample inter-
val. The current sample interval and a previously stored
average interval are averaged together, and the new
average value 1s stored. Subsequently, at a time when
the secondary communication device is ready to use the
line, the time interval for charging the capacitor in
response to the voltage appearing across the telephone
i1s measured. If the secondary communication device

~determines that the measured time interval exceeds the

stored average interval by more thdn a predetermined
amount, the secondary device recognizes that the tele-
phone or other primary customer premises equipment is
off-hook. The secondary device seizes the line only if
the measured interval does not exceed the average in-
terval by more than the predetermined amount. The
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periodic averaging of the charging interval allows the
detector to learn the typical on-hook voltage for the

particular line on which the detector is installed. The

interval averaging and comparison process thereby

eliminates the need for a voltage detector selected or
designed to operate solely on the particular type of line

on which the detector is installed. This approach allows

one line state detector circuit to operate on different

types of lines exhibiting different Voltages including

PBX lines and residential lines.

During line seizure by the secondary communication
-device, a steady-state condition is brought about be-
tween the secondary device, the line steady-state impe-
dance, and the central office voltage source. If the line

impedance drops from the steady-state value, the detec-

‘tor assumes that the subscriber has taken the telephone
off-hook or that other primary customer premises
equipment has gone off-hook, and the line seizure by the
secondary communication device is terminated. |

10

15

Additional objects, advantages and novel features of 20

the mvention will be set forth in part in the description
which follows, and in part will become apparent to
those skilled in the art upon examination of the follow-
ing or may be learned by practice of the invention. The
objects and advantages of the invention may be realized
and attained by means of the instrumentalities and com-
binations particularly pointed out in the appended
claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a simplified block diagram of an automated
communication device, incorporating the paralle]l off-
hook detector of the present invention.

FIG. 2 1s a simplified block diagram of a preferred
embodiment of the present invention, wherein the par-
allel off-hook detector is incorporated into a data re-
porting device such as might be used for automated
reading of a utility meter.

FI1GS. 3A and 3B are a detailed circuit diagram de-

25

30
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have priority over the secondary equipment 112 for
purposes of using the telephone line 114. Similarly, the
secondary communications equipment can take a vari--
ety of forms, such as a voice answering machine, a
facsimile machine, a PC with a modem, a meter reader,

etc., which are to have lower priority. For example, if
the secondary device were an answering machine, the

primary device typically would be a telephone set. In
another example, if the secondary device reports meter
data or the like, the primary equipment may include
both the telephone 122 and any other customer premises
equipment, such as a voice answering machine, a fac-
simile machine, a PC with a modem, etc., which has
priority over the data reporting device. |

The secondary communications equipment 112 con-
nects to the subscriber premises end of telephone line
114 through a coupling transformer T1 and a line sei-
zure relay 116. The parallel off-hook detection device
111 shown in FIG. 1 includes a programmable micro-
processor based controller 110, a Line Available Detec-
tor 124 and a Pick-up Detector 126. The controller 110
connects to secondary communications equipment 112
to exchange information relating to line seizure. The
controller 110 also connects to the relay 116 to control
operation thereof for openming and closing the telephone
loop.

The line seizure relay 116 provides selective connec-
tion to one of the leads of telephone line 114. The pri-
mary of the coupling transformer T1 is connected to the
relay 116 and the other lead of the telephone line 114.

~ As illustrated in FIG. 1, the line seizure relay 116 con-

35

picting the parallel off-hook detector of the present 40

invention together with the transformer and the line
seizure relay which may be connected to the subscrib-
er’s telephone line 1in the embodiment of FIG. 2.

FIG. 4 is an equivalent circuit diagram showing the
paraliel connection of the data reporting device of FIG.
2 (incorporating the parallel off-hook detector of the
present invention) and a subscriber’s telephone to the
line to a central office, for use in explaining the opera-
tion of the present invention.

FIGS. 5, 6, 7TA, 7B and 8-10 are flow charts illustrat-
ing various processing operations performed in accord
with the line availability determination of the present
invention.

FIG. 11 is a flow chart depicting processing respon-
sive to an interrupt signalling indicating a parallel pick-
up of the primary equipment.

BEST MODE FOR CARRYING OUT THE
INVENTION

FIG. 1 illustrates a generic embodiment of the pres-
ent invention. In this embodiment, the primary commu-
~ nications equipment includes at least a standard tele-
phone set 122. The telephone 122 shares the telephone
line 114 to central office 120 with some form of second-
ary communications equipment 112. Although the pri-

mary communications equipment is shown as a tele-

phone set 122, the primary communications equipment
can be any telephone line compatible device which is to

45

50
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nects between the TIP lead and one lead of the primary

‘of the transformer T1. The other lead of the primary of

the transformer T1 connects to the RING lead. Closure
of the line seizure relay 116 permits current flow
through the primary of the coupling transformer T1 and
thereby creates an off-hook condition.

The Line Available Detector 124 and the Pick-up
Detector 126 each connect to both the TIP and RING
leads of the telephone line 114, but in a slightly different
manner. In this embodiment, the Line Available Detec-
tor 124 and the Pick-up Detector 126 both connect to
the RING lead. The Line Available Detector 124 con-
nects to the TIP lead at a point on the Central Office
side of the line seizure relay 116, and the Pick-up Detec-
tor 126 connects to the TIP lead on the same side of the
relay as the coupling transformer T1. |

At a time when the secondary communications equip-
ment 112 has not yet accessed or seized the line by
closure of the relay 116, if the associated subscriber’s
telephone 122 is on-hook, the loop of telephone line 114
is open. The entire central office loop voltage appears
across the TIP and RING of the subscriber’s line, re-
ferred to as the on-hook voltage. If the subscriber’s
telephone 122 is off-hook, however, the telephone

~ would appear as a 600 Ohm impedance across the line

65

closing the loop through the TIP and RING pair of the
telephone line. The line voltage would be substantially

lower.

To seize the line, the secondary communications
equipment provides a line seize signal to the controller
110. The controller applies an activation signal to the
Line Available Detector 124, in response to which the
Detector 124 provides signals which the controller 110
can interpret to determine if the telephone 122 is off-

hook or if the line 114 is available so that the secondary

communications equipment can use the line 114. If the
telephone 122 1s off-hook, the controlier 110 waits for
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some predetermined period and repeats the line avaii-
able checking procedure. When the line 114 becomes
available for use by the secondary equipment, the con-
troller 110 activates relay 116 to seize the line and pro-
vides appropriate signals to the secondary communica-
tions equipment 112 informing it that the line is now
ready for use. " '

At a time when the secondary communications equip-
ment 112 is using the line 114, the line seizure relay 116
1s in a closed state, and the impedance of the coupling
transformer T1 appears across the telephone line. If a

10

primary piece of subscriber premises equipment, such as

telephone 122, attempts to use the line at such a time, for
example because the subscriber lifts the handset of tele-
phone set 122 off-hook, the impedance of the primary
equipment would appear across the line in parallel with
that of the transformer T1 and associated secondary
communtcations equipment 112. The Pick-up Detector
126 senses a sudden drop in impedance, and provides a
signal to the controller 110 indicating the drop in impe-
dance.

In response to the indication signal from the Pick-up
 Detector 126 signifying that primary equipment has
attempted to seize the line 114, the controller 110 deac-
tivates relay 116 and interrupts communications by
equipment 112. The subscriber picking up the handset
122 will hear silence on the line. A fairly natural reac-
tion of a subscriber who hears silence instead of the
expected dial tone 1s to hang up briefly and try again or
to actuate the hookswitch briefly one or more times and
wait to see if dial tone appears. In either case, the tele-
phone network central office 120 senses an interruption
of line current indicating the end of the existing call
connection followed by a new off-hook state. In re-
sponse, the central office 120 will apply a dial tone to
the telephone line 114. The subscriber can then dial out

- to place a call in the normal manner.

FI1G. 2 depicts a preferred embodiment of the present
invention, wherein the parallel off-hook detector is
incorporated into a data reporting device for automated
reading of a utility meter.

The secondary communication device in this embodi-
ment includes a programmable microprocessor based
controller 10, which includes a central processing unit
(CPU), random access memory (RAM), read only
memory (ROM) etc. The Input/Output (I/0) ports of
the controller 10 send and receive digital signals to and
from an associated digital device. For example, in an
electricity metering and control system, the Input/Out-
put (1/0) ports of the controller 10 connect to a pro-
grammable meter/reader and control device -(not
shown) for two-way transfer of information. The con-
troller 10 performs the function of controller 110 in the
first embodiment and performs certain data processing
and control functions of the secondary equipment 112.

A modem 12 connects to the subscriber premises end
of telephone line 14 through a coupling transformer T1
and a line seizure relay 16. Although illustrated as sepa-
rate components for convenience, the line seizure relay

15

20

23

30

35

435

30

335

16 and coupling transformer T1 may be components of 60

the modem. The controller 10 connects to the modem
12 via a standard serial interface for transmission and
reception of data via the telephone line 14. The control-
ler 10 also connects to the relay 16 via line 17, to control
operation thereof for opening and closing the telephone
loop by connecting the primary of transformer T1
across telephone line 14. One or more pieces of primary
subscriber premises telephone equipment, such as a

65

6

telephone set 22, connect to the subscriber premises end
of telephone line 14 in parallel with the data reporting
device. The primary device may include any customer
premises equipment, such as a voice answering ma-
chine, a facsimile machine, a PC with a modem, etc.
which 1s to be given higher priority for accessing the
line than the particular type of secondary equipment, in
this specific case a utility meter data reporting device.

In this embodiment, the line seizure relay 16 connects
between the RING lead of telephone line 14 and one
lead of the primary of the transformer T1. The other
primary lead of the transformer T1 connects directly to
the TIP lead. Closure of the line seizure relay 16 permits
current flow through the 600 Ohm secondary impe-
dance of the coupling transformer T1 and thereby cre-
ates an off-hook condition (see also FIG. 3).

‘The meter reading device of FIG. 2 also incorporates
a Line Available Detector 24 and a Pick-up Detector
26. The Line Available Detector 24 and the Pick-up
Detector 26 both connect to the TIP lead. The Line
Available Detector 24 connects to the RING lead at a
point on the Central Office side of the line seizure relay
16, and the Pick-up Detector 26 connects to the RING
lead on the same side of the relay as the primary of
coupling transformer T1.

At a time when the data reporting device has not yet
accessed or seized the line by closure of the relay 16, if
the associated subscriber’s telephone 22 is on-hook, the
telephone loop is open. The entire central office loop
voltage (typically a 24-48 volts DC battery voltage)
would appear across the TIP and RING of the subscrib-
er’s line, referred to as the on-hook voltage. If the sub-
scriber’s telephone is off-hook, however, the telephone
would appear as a 600 Ohm impedance across the line’
closing the loop through the TIP and RING pair of the
telephone line (see also FIG. 3). The line voltage would
be substantially lower. |

The Line Available Detector 24 responds to an acti-
vation signal from the controller 10 and provides signals
which the controller 10 can interpret to determine if the
telephone 22 is off-hook or if the line 14 is available so
that the data reporting device can call the central com-
puter, in a manner to be explained in more detail below.

If the telephone 22 is off-hook, the line is not available
for use by the data reporting device. Therefore, the
controller 10 waits for some predetermined period and
repeats the line available chec¢king procedure. The con-
troller repeats this processing loop until it determines
that the telephone line 14 is available. When the line
becomes available, the controller 10 activates relay 16
to seize the line and provides appropriate signals to the
modem 12 instructing it to send dual tone multifre-
quency (DTMF) dialing signals to initiate a call to the
central computer. Alternatively, the controller 10 could
intermittently activate the relay 16 to simulate’ pulse
dialing. When the call reaches the central computer, the
controller 10 executes appropriate procedures for re-
porting current meter reading data to the central com-
puter and receives back any necessary instructions or
control data from the central computer.

At a time when the data reporting device is using the
line, the line seizure relay 16 is in a closed state, and the
600 Ohm impedance of the coupling transformer T1
appears across the telephone line. The subscriber’s cus-
tomer premises equipment, however, is on-hook and
appears as a very large impedance across the line. If a
piece of subscriber premises equipment attempts to use
the line at such a time, for example because the sub-
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scriber lifts the handset of telephone set 22 off-hook, a
second 600 Ohm impedance would appear across the
line in parallel with that of the meter data reporting
device (see also FIGS. 3A and 3B). The Pick-up Detec-

tor 26 senses a sudden drop in impedance, i.e. the
change from a very high parallel impedance to the 600
Ohm parallel impedance, and provides a signal to the

controller 10 indicating the drop in impedance.

In response to the indication signal from the Pick-up
Detector 26 signifying that other equipment has at-
tempted to seize the line, the controller 10 deactivates
relay 16 and interrupts modem transmissions. This re-
sults in loss of carrier at the central office computer, and

10

therefore the modem at the central office computer

assumes that the data reporting device has hung up. In
response, the modem at the central computer will termi-
nate its connection to its telephone line, and the sub-
scriber picking up the handset will hear silence on the
line. A fairly natural reaction of a subscriber who hears
silence instead of the expected dial tone is to hang up
briefly and try again or to actuate the hookswitch
briefly one or more times and wait to see if dial tone
appears. In either case, the telephone network central
office sees an interruption of line current indicating the
end of the existing call connection followed by a new
off-hook state. In response, the central office will apply
a dial tone to the telephone line 14. The subscriber can
then dial out to place a call in the normal manner.

After the interruption of the data reporting call, the
controller 10 will periodically activate the Line Avail-
able Detector 24 to check the line status. When the line
becomes available again, the controller 10 can proceed
with a new data reporting call to the central computer,
as discussed above. |

LINE AVAILABLE DETECTION

The present invention determines line availability
based on the voltage appearing across the telephone
line. This voltage is sensed by measuring the time re-
quired to charge a capacitor. With reference now to
FIGS. 3A and 3B, the Line Available Detector 24 com-
prises the circuit components U7, U8, C20, R4, R6, R14,
R15, R24, R25, R34, R43, CR4, and CR7.

To sense line voltage, the CPU of the controller 10

will gate the opto-coupler U7 on to allow sampling of 45

the telephone line voltage. Specifically, the CPU will
apply an activating voltage to the light emitting diode
of opto-coupler U7. This activates the transistor of
opto-coupler U7 and applies the voltage between the
TIP and RING leads across the RC circuit formed by
resistors R24, R25, and R34 and capacitor C20. The line
voltage will charge the capacitor C20.

The Programmable Unijunction Transistor (PUT)
CR7 will trigger when the voltage applied thereto
passes a threshold value thereof established by resistor
R25 and zener diode CR4. Thus, when the voltage on
capacitor C20 exceeds the threshold of the PUT CR7,
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the PUT CR7 turns on momentarily and discharges the

voltage from- the capacitor C20 through the light emit-
ting diode of the opto-coupler U8. This activates ‘the
transistor of opto-coupler U8 causing a pulse output to
the CPU. | | |

If the voltage across the TIP and RING is high, the
current flowing through the RC circuit will be higher
than when the voltage across the TIP and RING is low.
As a result, the rate of charging will vary as a function

of the voltage across the line. Different charging rates
will result in different periods of time between the start -

8
of charging by gating opto-coupler U7 on and the pulse

output by opto-coupler U8 indicating that the capacitor
voltage exceeds the threshold. It has been found that the
time difference (charging interval) between gating op-

to-coupler U7 on and the pulse output from opto-cou-
pler U8 is exponentially related to the DC voltage
across the TIP and RING pair of the line. For example,

if the line voltage is approximately 48 volts DC, the
average charging interval will be around 60 us; if the
line voltage is approximately 22 volts DC, the average
charging interval will be around 100 us; if the line volt-
age 1s approximately 15 volts DC, the average charging
interval will be around 140 us; and if the line voltage is
approximately 14 volts DC, the average charging inter-
val will be around 166 us. Therefore, the charging time
can be measured as an indication of line voltage.

When the subscriber’s telephone is on-hook, a high
voltage appears across the telephone line, referred to as
the on-hook voltage, and the capacitor C20 will charge
relatively quickly. The capacitor voltage will exceed
the threshold shortly after the CPU gates the opto-cou-
pler U7 on. When subscriber’s telephone is off-hook, a
low voltage appears across the telephone line, and the
capacitor C20 charges at a slower rate. It therefore will
take longer for the voltage on the capacitor C20 to
reach the threshold value and trigger the PUT C27 and
opto-coupler U8. The present invention detects this
timing difference to determine whether the associated
telephone is on-hook or off-hook.

In the present invention, the CPU learns a typical
average charging interval and assumes that the tele-
phone set is off-hook if a measured charging interval
exceeds the typical charging interval by more than a
predetermined amount. Specifically, the CPU periodi-
cally (e.g. every thirty minutes) gates the opto-coupler
U7 on and measures the time between the pulse it ap-
plied to the opto-coupler U7 and the output pulse re-
ceived from the opto-coupler U8. After each sample
interval measurement, the CPU averages the current
sampled interval with the previously stored average
value. Specifically, the CPU adds the current sample to
the average and divides by 2. The CPU stores this latest
average iIn RAM as a new representation of the “typi-
cal” on-hook time.

When it is desired for the meter to make a call to the
central computer to report reading data, the CPU must
first determine if the subscriber’s telephone is currently
in use. FIG. § depicts this main processing routine.
When the main cyclic loop of the CPU indicates a time
to report data, the CPU calls a parallel off-hook detec-
tion (PARALLEL_OHD) routine. When the parallel
off-hook detection routine indicates that the line is
available, the CPU calls up its call origination routine
(CALL_ORIGINATE) routine to seize the line and
instruct the modem to autodial the central computer.
To determine if the line is available, the CPU executes
a sampling of the line voltage as discussed above, and

‘measures the current time between the pulse applied to
- gate the opto-coupler U7 on and the output pulse re-
ceived from the opto-coupler US. This current sampled

- time measurement is compared against the average or

65

“typical” on-hook time which the CPU stored in RAM.
If the current sampled time measurement exceeds the
“typical” on-hook time by a predetermined amount, the
time sample indicates that the TIP and RING line volt-
age decreased a substantial amount representative of an
off-hook state. | o
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In the preferred embodiment, the predetermined
amount 1s 40 us. For example, assume that the telephone
line 1s a residential line. The on-hook voltage will be
approximately 48 volts DC, and the average charging
interval will be around 60 us. The 40 us increase in
charging interval corresponds to a line voltage drop of
26 volts DC, and the interval threshold (average plus
the predetermined amount) will be 100 us. Thus, if the
charging interval at the time when the data reporting
device 1s ready to use the line is greater than 100 us, the
Ime voltage has dropped 26 volts or more (i.e. to a value
less than 22 volts). For example, if the line voltage is
approximately 14 volts DC, the measured interval will
be 166 ps, which is greater than the 100 us threshold,
and 1ndicates that the telephone set 22 is off-hook.

As a second example, assume telephone line 14 is a
PBX line. In this case, the on-hook voltage is approxi-
mately 22 volts DC, and the average charging interval
will be around 100 ps. The 40 us change corresponds to
a line voltage drop of around 7 volts DC, e.g., from 22
volts DC to 15 volts DC. The interval threshold (aver-
age plus the predetermined amount) for this example
will be 140 us. If the current sampled time measurement
exceeds the “typical” on-hook time by the predeter-
mined amount (e.g. is greater than 140 us), the CPU
assumes that a telephone set or the like is off-hook and
using the PBX line.

If the charging interval measurement at the time
when the data reporting device is ready to access the
line indicates that the telephone line is being used by
some primary piece of customer premises equipment,
such as the associated subscriber’s telephone set 22, the
CPU does not initiate the call to the central computer.
The CPU will wait for a fixed time interval and check
again to determine if the subscriber’s telephone is off-
hook. If the current sampled time measurement does not
exceed the “typical” on-hook time by the predeter-
mined amount, the time sample indicates that the line
voltage corresponds to an on-hook state. In this case,
the CPU assumes that the telephone line is not currently
in use and initiates the call to the central computer. An
example of a ‘CALL_ORIGINATE’ routine using this
procedure appears in FIG. 9.

As shown in FIG. 9, when the call origination routine
starts, the CPU checks to determine if an appropriate
command has been received. If so, the CPU sets the flag
to execute the POHD check routine described in more
detail below. Then, if the POHD measurement is done,
the CPU analyzes the results to determine if the primary
equipment (e.g. the telephone) is on-hook. If the pri-
mary equipment is off-hook the CPU terminates the call
origination procedure and the program ends. If the
telephone is on-hook, however, the CPU provides a
signal to the relay to seize the line by connecting the
coupling transformer to the telephone line, and call
origination continues until dialing is complete and data
communication is established with the central com-
puter.

FIGS. 6 to 8 illustrate the processing routines of one
actual example of the parallel off-hook (PARAL-
LEL__OHD) or line availability determination in ac-
cord with the present invention. FIG. 6 provides an
overview of the processing operations, and FIGS. 7A,
7B and 8 illustrate specific subroutines used in the pro-
cess flow of FIG. 6.

Referring to FI1G. 6, when the PARALLEL _OHD
routine starts, the CPU checks to determine if it is time
for a periodic measurement check of the charging inter-
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val. If so, the CPU sets a POHD check request flag. In
the next processing step, if the POHD check flag is set,
the CPU determines if the modem is currently using the
line for a call to the central computer or if the telephone
1s ringing. If either of these two determinations is true,
then the CPU stops the parallel off-hook measurement
and waits until the line is free to begin again. If the
modem is not using the line and the telephone is not
ringing, processing flows to the determination at step S1
in FIG. 6. In this step, the CPU determines whether or
not the measurement has already started. |

If the charging interval measurement has not started,
the CPU calls the subroutine POHD_START to begin
the measurement. This subroutine, shown in FIGS. 7A
and 7B, first causes the CPU to assert a POH_ON
signal to initiate the actual measurement. This gates the
opto-coupler U7 on to allow sampling of the telephone
line voltage and charging of the capacitor C20, as dis-
cussed above. The CPU stores the start time in a regis-
ter POHD_START_TIME. The CPU also arms an
interrupt signal (POH_TIME) routine. The CPU then
awaits for the interrupt (POH..TIME). The POH__
TIME interrupt occurs when the PUT CR7 triggers,
indicating that the voltage on the capacitor C20 exceeds
the threshold. The CPU stores the time that the inter-
rupt occurred in register POHD_STOP__TIME.

Returning to FIG. 6, if the determination at step S1
indicates that the charging interval measurement has
started, the CPU calls the subroutine POHD__CHECK.
This subroutine, shown in FIG. 8, performs the actual
calculations summarized above. The CPU first deter-
mines if the POH_TIME interrupt has occurred. If not,
the routine results in an indication that the measurement
1s not done yet. If this interrupt has occurred, the CPU
proceeds to calculate the current voltage level as repre-

sented by the measured charging interval. Specifically,
the CPU calculates

CURRENT._.LEVEL = POHD_STOP TIME -

POHD_START_TIME.

Using the calculated level, the CPU next calculates
the change or DELTA. Specifically,

DELTA=CURRENT_LEVEL—-CAL_LEVEL

where the value CAL_LEVEL is the average charg-
ing interval calculated during the last previous execu-
tion of the POHD_CHECK subroutine. The CPU next

compares the interval change value DELTA to the

threshold value. If the change in the charging interval is |
greater than or equal to the threshold (DELTA=
THRESHOLD), the routine results in an indication
that the telephone is off-hook.

If the change in the charging interval 1s not greater
than or equal to the threshold (DELTA=THRE-
SHOLD), the routine results in an indication that the
telephone 1s on-hook. The CPU next checks to deter-
mine if this POHD_CHECK is the first measurement
of the charging interval. If so, the CPU stores the cur-
rently measured charging interval (CURREN-
T_LEVEL) as the average value (CAL_.LEVEL) for
use in the next measurement. If this POHD._CHECK is
not the first interval measurement, the CPU calculates a
new average charging interval value using the currently
measured charging interval CURRENT._..LEVEL and
stores the new average as the value CAL_LEVEL.
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After storing an average value, an indication is pro-

duced that the POHD measurement is complete and the

subroutine ends.

Returning to FIG. 6, after the POHD._.CHECK sub-
routine, the CPU checks to determine if the particular
execution of that subroutine indicated that the measure-
ment was complete. If so the CPU clears the POHD
check flag and the off-hook detection routine ends.

A special case exists when the data reporting device
is first powered up and has not learned the characteris-
tic of the telephone line. FIG. 10, shows the initializa-
tion routine. As shown, when the data reporting device
first powers up, the CPU sets a flag to request an imme-

10

- 12
relay shorts LOAD-1 to LOAD-2 to connect the lower
side of the coupling transformer T1 through resistor
R39 to the RING lead of telephone line 14. The bulk of
the off-hook tip-ring DC current flows through R35, T1
and R39. A portion of the off-hook current also flows
through resistor R38 and diode CRS to charge capaci-
tors C21 and C22. A short time after initially closing the
relay to seize the line, the current will charge capacitors
C21 and C22 to a steady-state condition essentlally cor-

responding to the line voltage.
Subsequently if the subscriber picks up the handset of

. telephone set 22 or some other piece of customer prem-

diate parallel off-hook detection (POHD) check. For

purposes of determining the change in the charging
interval during this immediate parallel off-hook detec-
tion check, the CPU will use a default value
(CAL_DEFAULT) for the previously calculated
charging interval value (CAL-LEVEL). The CPU will
use a time interval of approximately 140 us as a thresh-
old value. This interval essentially corresponds to a line
voltage of 15 volts DC. If the measured charging inter-
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val is longer than 140 ps, the CPU assumes that the

telephone set is off-hook; and if the measured charging
interval is shorter than 140 us, the CPU assumes that
the telephone set is on-hook. If the CPU detects an
off-hook in this manner, it will wait thirty minutes and
take another reading. This procedure will be repeated
until the line voltage exceeds 15 volts DC, indicating
that the customer premises equipment has gone on-
hook. When the detected interval first indicates that the

line voltage exceeds 15 volts DC, the CPU stores the

sampled charging interval value as the current average
value for subsequent use in the above discussed averag-
ing procedures.

‘The comparison of a currently measured time sample
to an average time sample reduces false indication that
the telephone is off-hook, which might otherwise be
caused by transient signals on the line. This approach
also allows the CPU to ‘learn” a time interval value
corre3ponding to the on-hook voltage actually appear-
ing on the particular line to which the data reportmg
device connects.

PICK-UP DETECTION

The present invention recognizes pick-up during use
of the line by the data reporting device by sensing
changes in the impedance appearing across the sub-
scriber premises end of the telephone line. The parallel
off-hook type Pick-up Detector 26 works on the princi-
ple that the consumer line is in a high impedance state
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relative to the impedance of the telephone company |

central office. While the utility meter data reporting
device 1s on-line communicating with the central com-
puter, if the consumer picks up the handset of telephone
set 22 or some other piece of customer premises equip-
ment goes off-hook, a 600 Ohm impedance will appear
across the line in parallel with that of the data reporting
device (see FIG. 4). The Pick-up Detector 26 will sense
this variation in impedance, even though the change in
impedance may produce a relatively small variation in
the line voltage.

With reference again to FIGS. 2, 3, 3A and 3B the
Pick-up Detector 26 comprises the circuit components
U9, R29, R37, R38, CRS5, C21, and C22. When the data
reporting device is communicating over the telephone
line, the line seizure relay 16 is activated. With particu-
lar reference to the circuit of FIGS. 3A and 3B, the
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ises equipment goes off-hook, a 600 Ohm impedance
will appear across the line. This amounts to a substan-
tially drop in the impedance at the subscriber end of the
telephone line. When the impedance across the tele-
phone line drops suddenly, the voltage on the capaci-
tors C21 and C22 will momentarily be higher than the
actual line voltage. The difference in the capacitor volt-
age and the line voltage will discharge through the
opto-coupler U9 and the resistor R38. The opto-coupler
U9 1s set up to be relatively sensitive to small swings in
voltage. Also, the resistance value of resistor R38 is
chosen so that the excess voltage charged on capacitors
C21 and C22 will discharge sufficiently slowly that it
appears as a voltage change which is detectable by the
sensitive opto-coupler U9. Consequently, the opto-cou-
pler will output a pulse to the CPU mdicating that a
plece of customer premises equipment has attempted to

seize the telephone line.

The CPU receives the pulse indicating a parallel
pick-up by the primary communications equipment as
an interrupt signal. As shown in the flow chart of FIG.
11, following the PICK__UP interrupt, the CPU deter-
mines if the modem is off-hook, which will be true
during a data reporting call. Processing therefore flows
to a determination of whether or not the modem is
dialing out. Dialing operations may produce changes in
line 1impedance, therefore the CPU will 1gnore impe-
dance changes during dialing. If the modem is not cur-
rently dialing, then the modem is off-hook and the nec-
essary dialing operations to call the central computer
are complete. The CPU therefore checks to determine if
the PICK_UP signal is still active, i.e., to determine if
the change in impedance has persisted. If so, then the
change in impedance represents a parallel pick-up or

line seizure attempt by the primary equipment, there-

fore the PICK __UP signal provides a signal to open the
line seizure relay and thereby place the secondary
equipment on-hook, after which the routine ends.

To recapitulate, the present invention detects
whether a telephone line is available by comparing a
sampled time period for charging a capacitor in re-
sponse to the line voltage to an average value. The
invention also detects a drop in impedance during use of
the line as an indication that a telephone or other cus-
tomer premises equipment has attempted to seize the
line. These detection results control operation of a line
seizure means within a device, such as a data reporting
device, which shares use of the line with other equip-
ment. As a result, the device either will not seize the line
or will relinquish access to the line to the telephone or
other customer premises equlpment

The embodiment discussed in the above detailed de-
scription should be interpreted as an example of the
invention only. The invention is subject to a variety of
modifications which will be apparent to a person skilled

1n the relevant art. For example, the above description
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assumes that the secondary communication device re-
ports utility meter data to a central computer station
and/or receives program and control information. The
invention can be used in other types of equipment, such
as systems to accumulate data regarding television
viewing habits. As, another example, the above discus-
sion assumes that the data reporting device initiates calls
to the central computer via the modem. Other proce-
dures could be used to initiate data communication,
such as by answering an incoming call at certain times
or if the incoming call exhibits a special type of ringing
signal. Alternatively, the secondary device may not be
a data device. The present invention, for example, can
be used in an answering machine which shares the line
with a primary telephone set.

We claim:

1. A communication device for seizing a telephone
line and communicating data over the telephone line,
sald communication device including an apparatus for
“detecting that a subscriber’s telephone connected to the
telephone line is off-hook at a time when the communi-
cation device is ready to seize the telephone line and for
detecting if the telephone is taken off-hook during a
time when the communication device has seized the
telephone line, said apparatus comprising:

(2) means for determining an average interval for
charging a capacitor to a threshold voltage in re-
sponse to an on-hook voltage appearing across the
telephone line;

(b) means for measuring an interval for charging the
capacitor to the threshold voltage in response to a
voltage appearing across the telephone line at the
time when the communication device is ready to
seize the telephone line;

(c) means for recognizing that the telephone is off-
hook and inhibiting line seizure by the communica-
tion device if the measured interval exceeds the
average interval by more than a predetermined
amount;

(d) means for detecting a steady-state impedance
across the telephone line when the communication
device has seized the telephone line;

(e) means for detecting a drop in impedance across
the telephone line from the steady-state while the
communication device has seized the telephone
line and terminating seizure of the line by the com-
munication device.

2. A communication device as in claim 1, said com-

munication device further comprising:
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means for obtaining reading data from a utility meter; -

and

means for transmitting the reading data over the tele-

phone line.

3. In a device for communicating data over a tele-
phone line wherein said device includes means for clos-
ing a loop of the telephone line to seize the line, an
apparatus for detecting when customer premises equip-
ment connected to the telephone line is off-hook at a
time when the device for communicating data is ready
to access the line and for detecting when the customer
premises equipment goes off-hook during a time when
the device for communicating data has seized the tele-

phone line, said apparatus comprising:

- (a) a first capacitor;

(b) a gate responsive to an activating signal for apply-
ing a voltage appearing across the telephone line to
charge the first capacitor;
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(¢) means for producing an indicating signal when
voltage on the first capacitor exceeds a threshold
value;

(d) a central processmg unit (CPU), said CPU period-
ically producing the activating signal and measur-
ing an interval subsequent thereto until occurrence
of an indicating signal to produce sample intervals,
sald CPU determining an average interval for
charging the capacitor in response to on-hook volt-
age from the sample intervals, wherein when the
device for communicating data is ready to access
the line, said CPU produces the activating signal
and measures a current interval subsequent thereto
until occurrence of the indicating signal and recog-
nizes that the customer premises equipment is off-
hook if the measured current interval exceeds the
average Interval by more than a predetermined
amount, said CPU inhibiting operation of the
means for closing the loop of the telephone line in
response to the recognition that the customer
premises equipment is off-hook;

(e) means for charging at least one second capacitor
to a steady-state voltage in response to current
flowing through the telephone line when the means
for closing the loop has been activated to seize the
telephone line; and

(f) means for providing a signal to said CPU in re-
sponse to a change from the steady-state voltage on
the at least one second capacitor indicating that
said customer premises equipment has entered an
off-hook state, wherein in response to said signal
said CPU deactivates the means for closing the
loop to make the line available for use by the cus--
tomer premises equipment.

4. An apparatus as in claim 3, wherein:

the gate comprises a first opto-coupler which allows
current from the telephone line to charge the first
capacitor in response to the activating signal from
the central processing unit; and

the means for producing the indicating signal com-
prises a threshold detector responsive to the volt-
age on the first capacitor, and a second opto-cou-
pler for producing the indicating signal in response
to an output of the threshold detector.

>. An apparatus as in claim 4, wherein said threshold

detector comprises a programmable unijunction transis-

tor.

6. An apparatus as in claim 4, wherein said means for
providing the signal comprises a third opto-coupler for
producing an output pulse signal in response to' the
change in voltage on the at least one second capacitor.

7. A method for detecting at or near a subscriber’s
end of a telephone line whether or not customer prem-
1ses equipment connected to the subscriber’s end of the
telephone line is off-hook when a device sharing the line
is ready to access the telephone line, the method com-
prising the steps of:

(a) determining an average interval for charging a
capacitor to a threshold voltage in response to an
on-hook voltage appearing across the telephone
line; |

~ (b) measuring an interval for charging the capacitor

to the threshold voltage in response to a voltage
appearing across the telephone line at the time
when the device sharing the line is ready to access
the telephone line; and

(c) recognizing that the customer premises equipment
1s in an off-hook state if the measured interval ex-
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ceeds the average interval by more than a predeter-
mined amount.

8. A method as in claim 7, wherein the customer
premises equlpment is a telephone set.

9. A method as in claim 8, wherein the device sharing
the line is a device for reporting utility meter data over
the telephone line.

10. A method as in claim 7, wherein the step of deter-
mining the average interval comprises:

periodically activating a gate to apply the voltage
appearing across the telephone line to an RC cir-
cuit containing the capacitor, to charge the capaci-
tor, and for each time that the gate is activated:

(1) measuring a sample interval for charging the ca-
pacitor to the threshold voltage;

(2) averaging the sample interval with a stored aver-

- age value to determine a2 new average interval
value for charging the capacitor in response to
on-hook voltage; and

(3) replacing the stored average value with the new

- average interval value. |

11. An apparatus for connection to a telephone line to
detect whether or not customer premise equipment
connected to the subscriber’s end of the telephone line is
-off-hook when a device sharing the line is ready to
access the telephone line, said apparatus comprising:

(a) a control means for producing an activating sig-
nal: |

(b) a capacitor;

(c) a gate responsive to the activating signal for ap-
plying a voltage appearing across the telephone
line to charge the capacitor; and

(d) means for producing an indicating signal when
voltage on the capacitor exceeds a threshold value,
wherein:

(1) said control means periodically produces the

activating signal and measures an interval subse-
quent thereto to until occurrence of the indicat-
ing signal to produce sample intervals, .

(2) said control means determines an average inter-
val for charging the capacitor in response to
on-hook voltage from the sample intervals,

(3) when the device sharing the line is ready to
‘access the line, said control means produces the
activating signal and measures a current interval
subsequent thereto until occurrence of the indi-
cating signal, and

(4) said control means recogmzes that the customer
premises equipment is off-hook if the measured

16

current interval exceeds the average interval by
more than a predetermined amount.
12. An apparatus as in claim 11, wherein the control
means comprises a programmable central processmg
5 unit and associated ROM and RAM.

13. An apparatus as in claim 11, wherein:

the gate comprises a first opto-coupler which allows
current from the telephone line to charge the ca-
pacitor in response to the activating signal from the
control means; and

the means for producing the indicating signal com-
prises a threshold detector responsive to the volt-
age on the. capacitor and a second opto-coupler
responsive to an output of the threshold detector
for producing the indicating signal.

14. An apparatus as in claim 13, wherein said thresh-
old detector comprises a programmable umjunctlon
transistor.

15. A method of sharing a subscriber is telephone line
20 between a primary communication device and a sec-
ondary communication devme said method comprising
the steps of:

(a) determining an average interval for charging a
capacitor to a threshold voltage in response to an
on-hook voltage appearing across the telephone
hine;

(b) measuring an interval for charging the capacitor
to the threshold voltage in response to a voltage
appearing across the telephone line at a time when
the secondary communication device is ready to
access the telephone line;

(c) recognizing that the primary communication de-
vice is in an off-hook state if the measured interval
exceeds the average interval by more than a prede-
termined amount;

(d) allowmg the secondary communication device to
seize the telephone line if the measured interval
does not exceed the average interval by more than
the predetermined amount indicating the primary-
communication device is in an on-hook state;

(e) detecting a steady-state impedance across the
telephone line while the line is seized by the sec-
ondary communication device; |

(f) detecting a drop in nnpedance across the tele-
phone line from the steady-state indicating that the
pnmary communication device has attempted to
seize the telephone line; and | |

(g) in response to the detection of the drop in unpe-
dance, releasing the line seizure by the secondary

commumcatlon device. |
X - * ¥k %k
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